Care of the immature skin of preterm infants can be a vexing clinical problem that often takes a backseat to other acute medical issues. Lack of a completely developed outer epidermal layer (stratum corneum) before 32 weeks' gestation 1,2 increases the preterm infant's risk of infection, [3] [4] [5] [6] transepidermal water losses (TEWL), [7] [8] [9] [10] [11] temperature regulation problems, 12, 13 skin breakdown, 14, 15 and systemic uptake of potentially harmful substances. 2,16 -19 The transition at birth from an aqueous environment to a gaseous environment results in accelerated maturation of the preterm infant's skin through the formation of a functional stratum corneum; however, this does not occur until the second week of life. 1, 20 Therefore, preterm skin care in the first week of life during this "window of maturation" is vitally important.
There is a paucity of information regarding the effectiveness of providing an artificial skin barrier and yet studies evaluating these barriers form the basis of most neonatal intensive care unit (NICU) skin care guidelines. Topical ointment therapy reportedly lowers TEWL, decreases dermatitis, decreases bacterial colonization of axillary skin, and results in fewer positive blood and cerebrospinal bacterial cultures. 21, 22 Semipermeable dressings reportedly increase skin integrity, improve barrier function without increasing bacterial or fungal colonization, and decrease TEWL. [7] [8] [9] Based on these and other studies (as well as clinical opinions), a variety of skin care guidelines have been proposed, 15, 20, [23] [24] [25] yet it is not known what individual NICUs are actually doing with this information. We had observed in our own NICU a remarkable lack of consistency regarding supposed guidelines for preterm skin care. The purpose of this study was to provide a consensus report regarding current preterm skin care management practices in NICUs in the United States; we hypothesized that there would be little consensus among facilities, and hoped that the results of our survey would direct further clinical investigation in this important area.
METHODS
A three-page, 28-question survey was mailed to all NICUs (n ϭ 823) listed in the 1996 United States Neonatologists Directory (American Academy of Pediatrics, Section on Perinatal Pediatrics) during the fall of 1996. A cover letter, addressed to the director of each unit, requested that the person most familiar with skin care practices fill out the survey.
The survey asked questions pertaining to infection control procedures for staff and parents; treatment of insensible water loss; treatment of skin breakdown in very premature infants; the use of skin barriers, nonadhesive tapes, ointments, and creams; bathing routines; cord care procedures; and sterile skin preparation. Questions regarding types of skin care products were designed as open-ended questions so that we could obtain the full range of products used. If the unit had a written skin care protocol, respondents were asked to attach a copy with their completed survey.
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Several demographic questions were asked at the end of the survey pertaining to the type of hospital; number of intensive care, intermediate, and step-down beds; training of the individual completing the survey (RN versus MD); and number of Ͻ1000-gm infants admitted per year. There was also a place for any relevant comments pertaining to skin care. Most questions were arranged in a "yes/no" check box format. Open-ended questions were used when asking for brand names, time intervals, or procedures. Sample questions from the survey are listed in Table 1 . (Anyone interested in obtaining a copy of the survey can request one from the authors.)
For the purpose of analysis, if open-ended questions were answered with several responses, the first response listed was recorded as the primary answer and the other responses were recorded in an "other" category. For open-ended questions, responses were coded into relevant categories (e.g., for brand of tape used, answers were coded as adhesive or nonadhesive) for data entry. Descriptive analysis was performed using Statistics Package for Social Sciences (SPSS) for Windows (version 8.0) (SPSS, Inc., Chicago, IL).
For most questions, either the number of surveys returned or the number of centers answering the question was used as the denominator for descriptive analysis. For questions that dealt with micropreemies, the denominator was the number of centers that reported treating/admitting infants with a birth weight of Յ1000 gm.
RESULTS

Demographic Characteristics of Respondents
There were 305 surveys (37% response rate) returned from our single mailing; a total of 241 (79%) of the respondents reported admitting infants weighing Յ1000 gm. Because not all respondents answered all questions, percentages may not add up to 100%. The demographic characteristics of the survey respondents are summarized in Table 2 . Table 3 lists responses to questions concerning staff and parent hygiene and infection control. A minority of respondents (20%) performed routine infection control surveillance cultures. Table 4 lists responses to questions concerning the prevention of skin breakdown during routine care. Most centers (71%) reported using a skin barrier to protect against epidermal stripping.
Staff and Parent Hygiene and Antisepsis
Prevention of Injury and Treatment
Burns associated with the use of hydrocolloid/hydrogel tapes, electrodes, and temperature probes were reported by 17% of respondents. Most respondents (94%) reported that these burns were associated with hydrocolloid/hydrogel electrodes. Survey questions regarding the use of bathing solutions, emollients to decrease TEWL, or agents to treat skin breakdown were answered with a multitude of responses. Products used included anything from hospital pharmacy-compounded products to more common brand-name products, such as Eucerin, Aquaphor, Johnson's Baby, and Baby Magic. For all open-ended questions regarding skin care products used, 52 different products including the hospital pharmacy-compounded products were reported. A total of 27% percent of respondents reported using Aquaphor in some capacity, either to prevent diaper rash, treat diaper rash, decrease TEWL, or be applied after bathing Only 31% reported using any type of cream/ointment to prevent diaper rash, whereas most (86%) reported using some type of ointment to treat diaper rash. Of those respondents that use a product to treat diaper rash, 28% use a hospital-prescribed cream, whereas 72% use an over-the-counter product. Table 5 shows how those centers who care for micropreemies reported treating skin breakdown. Only 12% reported either washing the affected area and leaving it open to air or just leaving it open to air. Four centers (2%) reported treating skin breakdown in micropreemies with hydrogen peroxide.
Prevention of Percutaneous Toxicity
Nearly half (48%) of respondents use a combination of alcohol and iodine as a sterile skin preparation before a procedure; of these respondents, 36% use iodine alone, 15% use only alcohol, and 1% use some other skin preparation (e.g., soap). A total of 69% of respondents reported rinsing with water after applying a sterile skin preparation. A small percentage reported not rinsing at all after sterile skin preparation (with 5% using just iodine, 9% using iodine and alcohol, and 8% using alcohol). Of the 14% that use just iodine or iodine and alcohol and reported that they do not rinse, 75% admit infants with birth weights of Ͻ1000 gm, and 28% reported admitting between 75 and 100 infants with birth weights of Ͻ1000 gm per year.
For questions regarding cord care, 42 (17%) reported having a different cord care procedure for micropreemies; a total of 201 (79%) reported doing cord care only after umbilical artery catheter removal. Figure 1 shows the frequencies of stated methods for decreasing TEWL. Of those respondents who reported using topical ointment therapy to decrease TEWL (27%), the majority (75%) used Aquaphor. Another 6% used Eucerin, 5% used Vaseline, and the remaining 14% used safflower oil, Lubriderm, vitamin A and vitamin D ointment, Nystatin ointment, proshield plus, aquabase, or "hydrophillic ointment" for this purpose. Table 6 provides a summary of the degree of consensus (low to high) found in our survey. High consensus indicates agreement among respondents of Ͼ70%; low consensus indicates agreement among respondents of Ͻ30%.
Prevention of Fluid and Heat Loss
DISCUSSION
The results of our survey demonstrate that NICUs in the United States use a wide variety of skin care management strategies for preterm infants. As expected, there was limited overall consensus among NICUs concerning skin care practices. It is likely that NICUs that promote certain skin care practices do so in part because clinical trials have suggested improved outcomes when they are implemented. Further study is needed to support the success (or failure) of these methods in achieving the desired outcomes.
A major concern for all those caring for extremely preterm infants is the prevention and treatment of skin breakdown. Although there was some agreement as to how to prevent skin breakdown in micropreemies, such as the use of nonadhesive tapes, barriers, or antimicrobials, this agreement did not extend to 95% to 100% of respondents. Although the majority of respondents reported using some type of treatment for skin breakdown in micropreemies, it is interesting to note that 12% of those centers that treat micropreemies treat skin breakdown by exposing the skin to air and allowing it to heal without intervention. Future clinical research examining neonatal outcomes after treatment of skin breakdown (barrier/antimicrobial/ dressing) versus no intervention would be of great interest.
Approximately half the respondents reported using a pectin-based barrier under adhesive tapes as a means of protecting skin from the epidermal stripping associated with removal/replacement of electrodes, endotracheal tubes, temperature probes, urine collection bags, intravenous lines, umbilical artery catheters, and ostomy bags. The disadvantage of products designed to remove adhesive (i.e., Dermasol) is that such products are solvents that both dry and irritate the skin and can be absorbed through the skin of premature infants. Pectinbased barriers have been shown to provide effective adhesion for the aforementioned appliances while protecting the skin from stripping due to tape removal. 26 Despite these advantages, however, half of respondents were not using a pectin-based barrier. Our results indicated that there is a considerable lack of consensus about what type of emollient (if any) should to be used for premature infant skin care. Future studies could be designed to examine the effects of different treatment products on certain neonatal outcomes or to evaluate the role for any of these products in the prevention of skin problems. The need for such studies is supported by our study results, which show that few centers use any type of product to prevent diaper rash, whereas most centers use some type of product to treat diaper rash. This need is also supported by the multitude of responses we received to questions regarding skin products used. Studies that examine product effectiveness, ease of use, cost-benefit, and effect on clinical outcomes are needed. In addition to the need for clinical trials, more education is needed regarding the utility of skin care products as illustrated in our data by the use of certain skin care agents (e.g., Lubriderm) for TEWL and the use of hydrogen peroxide in treating skin breakdown in micropreemies.
A total of 5% of respondents to our survey reported not rinsing after using iodine as a sterile skin preparation. Although infrequent, this finding is particularly alarming considering previous research describing the risks of percutaneous drug absorption in premature infants. 2, 18, 19 Increased levels of iodine in the blood and consequent hypothyroidism have been reported in neonates when povidone iodine was applied to the umbilical cord and to infants with denuded skin. 19 Studies have also found an increase in percutaneous alcohol absorption in infants and an increased chemical exposure from over-thecounter products. 12, 16, 17, 27 The generalizability of our findings is limited because of the response rate to our survey. It is likely that the results represent only the views of NICUs that have some defined skin practice parameters. A repeat mailing was not undertaken due to lack of funding; these data were to be used as pilot data. We believe that this modest response rate does not detract from the importance of these findings.
Published guidelines regarding preterm skin care contain several common themes: (1) staff and visitors must practice thorough handwashing; (2) a pectin-based barrier should be used between skin and tape; (3) agents known to cause skin irritation or ones with known systemic effects (e.g., adhesive removers, isopropyl alcohol, topical antibiotics, povidone-iodine, and steroids) should be avoided and, if used, should be rinsed with water; (4) staff should refrain from overtreating skin breakdown in infants (monitor the use of therapies); (5) soap baths should be given infrequently; (6) the lowest heat setting for heat-producing electrodes should be used, and the position of those electrodes should be changed frequently; and (7) the infant's position should be changed often. 14, 15, 20, [23] [24] [25] Results from this study show that there is not a consensus among NICUs with regard to these recommended guidelines. One reason for this could be the additional expense involved in using products that are considered better for premature infant's skin (e.g., pectin-based barriers) without outcome studies documenting the effectiveness of the product to improve outcomes. Well-designed, multicentered, randomized, controlled trials are needed to examine the effectiveness of these guideline so that recommendations can be made based on scientific evidence. The results from our survey lend further insight into those areas of skin care prevention and treatment that need further investigation.
